In the present work, dissimilar joints between AISI 409 ferritic stainless steel and AISI 316L austenitic stainless steel were made by gas metal arc welding (GMAW) using ESAB AUTO Rod 316L as a filler wire. Welding was conducted as per the L9 orthogonal array using the Taguchi method. Three levels of the input parameters: welding current, gas flow rate and nozzle to plate distance were selected. After welding, visual inspection and an X-ray radiographic test were conducted on the weld specimens to detect surface and sub-surface defects of weld specimens made from dissimilar stainless steels. The quality of the weld was evaluated in terms of yield strength, ultimate tensile strength and percentage of elongation of the welded specimens. The observed data are interpreted, discussed and analyzed using Taguchi desirability analyses.
Introduction
Gas metal arc welding (GMAW) is an arc welding process in which the source of heat is an arc formed between a consumable metal electrode and the work piece with an externally supplied gaseous shield of an inert gas such as argon and/or helium [1] . The weld quality mainly depends on features of bead geometry, mechanicalmetallurgical characteristics of the weld as well as on various aspects of weld chemistry, and these features are expected to be greatly influenced by various variables such as welding geometry, groove angle, shielding type and mixture [2] , and different input parameters: current, voltage, electrode stick-out, gas flow rate, edge preparation, position of welding, welding speed, nozzle to plate distance [3] , [4] , etc. Moreover, the cumulative effect of various input parameters determines the extent of joint strength that should meet the functional aspects of the weld in the practical field of application [5] . Therefore, preparation of a good quality weld seems to be a challenging job [6] , [7] , [8] , [9] . Dissimilar metal combinations between ferritic stainless steels and austenitic stainless steels (F/A) is in demand in certain applications, and, for example, it is commonly employed in TiCl 4 reduction retorts, because austenitic stainless steel has good creep strength and oxidation resistance which are required in the higher temperature regions, while ferritic stainless steel is preferred to avoid the problem of nickel leaching by molten magnesium [10] , [11] .
Ferritic/austenitic (F/A) joints are a popular dissimilar metal combination used in many applications and these joints have huge demand in industries like petrochemical industries, ship industries, nuclear power plants, pulp and paper, [12] , [13] , etc. F/A joints are normally produced using conventional welding processes such as manual metal arc (MMA), metal inert gas arc (MIG) and tungsten inert gas arc (TIG) welding [14] , [15] . F/A dissimilar joints are based on both technical and economic aspects, i.e. these dissimilar joints can provide satisfactory performance with reasonable cost savings [16] , [17] . Joining of dissimilar F/A materials is not an easy task; it is considered to be a challenging problem due to differences in thermal conductivities and thermal expansion which may cause crack formation interfaces [18] . In the present work, dissimilar joints between AISI 409 ferritic stainless steel and AISI 316L austenitic stainless steel, were made by GMAW using ESAB AUTO Rod 316L as a filler wire. Welding has been conducted as per the L9 orthogonal array of the Taguchi method. Three levels of the input parameters: welding current, gas flow rate and nozzle to plate distance, were selected. After welding, a visual inspection and an X-ray radiographic test were conducted on weld specimens, in order to detect surface and sub-surface defects of weld specimens made of dissimilar stainless steels. The quality of the weld was evaluated in terms of yield strength, ultimate tensile strength and percentage of elongation of the welded specimens. The observed data are interpreted, discussed and analyzed using the Taguchi desirability analyses [19] , [20] , [21] , [22] . Nabendu Ghosh is the corresponding author. ©2018 Walter de Gruyter GmbH, Berlin/Boston.
Experimental plan, set-up and procedure
In the present work, experiments were done in a planned experimental order. The Taguchi orthogonal array design L9 was used as design for the experiment [23] , [24] . As mentioned earlier, welding current, gas flow rate and nozzle to plate distance are selected as input parameters and three levels are considered for each of them. Welding process parameters and their levels are shown in Table 1 . The welding design matrix as per the L9 Taguchi orthogonal array design is shown in Table 2 . The photographic view of the welding set up shown in Figure 1 . Welding current (C) Gas flow rate (l/min) (F) Nozzle to plate distance (mm) (S) 1  1  2  2  1  3  3  2  1  2  2  2  3  2  3  1  3  1  3  3  2  1  3 3 2 Dissimilar weld joints between austenitic stainless steel AISI 316L and ferritic stainless steel AISI 409 each of dimension 100 mm × 65 mm × 3 mm are joined by the MIG welding process by using austenitic filler wire AISI 316 L. No edge preparation is used as it is not recommended for welding of 3 mm thick austenitic stainless steel. A diameter of the electrode wire is selected at 1. 
Tensile test results and discussion
The tensile test specimens, prepared corresponding to L9 Taguchi orthogonal array design of experiments, were tested for tensile strengths and the results obtained are given in Table 3 . The results shown in Table 3 indicate that for many of the welded samples the test results are satisfactory. The best result was obtained in sample no.7 (ultimate tensile strength = 484.9 MPa). The worst result in tensile testing was obtained for the sample no. 9. The ultimate tensile strength was 416.5 MPa. 
Desirability function approach
The literature shows that previous work has explored in great detail the various aspects of modeling, simulation and process optimization in MIG welding. The effect of process parameters on different responses can be analyzed from experimental and analytical research and modeling. The common approaches to tackle modeling and optimization problem in welding include multiple regression analysis, response surface methodology (RSM) and artificial neural networks (ANNs). In most of the cases, the optimization has been performed using a single objective function. For a multi-response process, while applying the optimal setting of control factors, it can be observed that, an increase/improvement of one response may cause change in another response, beyond the acceptable limit. Thus, for solving multi-criteria optimization problem, it is advised to convert multiple objectives into an equivalent single objective function. This may be assumed to be the representative of all the quality characteristics of the product, which needs to be optimized. Taguchi's philosophy is an efficient tool for the design of high quality manufacturing systems. It can reveal the optimal setting by conducting a limited number of experiments. However, the Taguchi method alone cannot solve multi-objective optimization problem. Therefore, the Taguchi method coupled with grey relational analysis is the appropriate option as was found by previous researchers [23] , [24] . In the grey-based Taguchi method, a multiple response process optimization problem can be converted to a single response optimization problem where the overall grey relational grade serves as the single objective function or response function to be optimized (maximized).
Optimization using the desirability function (DF) approach is also very helpful in this context. This approach converts each of the responses (objectives) into their individual desirability value, which may vary from zero to 1. If the response value is beyond the acceptable range, the desirability is assumed to be zero. If it reaches the target, the desirability value becomes 1. Corresponding to each objective, the individual desirability values are then accumulated to compute the overall or composite DF. The common trend is to develop a mathematical model of the composite desirability, in which it is represented as a function of process variables. Optimization is then performed to reveal the combination of factors to achieve maximum overall desirability.
The DF approach is a powerful tool for solving the multiple performance characteristics optimization problems, where all the objectives attain a definite goal simultaneously. The basic idea of this approach is to convert a multiple performance characteristics optimization problem into a single response optimization problem with the objective function of overall desirability. Then the overall DF is optimized. The general approach is to first convert each response y i , into an individual DF d i , that may vary over the range 0 ≤ D i ≤ 1, where if the response y i meets the goal or target value, then d i = 1, and if the response falls beyond the acceptable limit, then d i = 0. The next step is to select the parameter combination that will maximize overall desirability D
where, m = number of responses To calculate the individual desirability for the corresponding responses using the formula proposed by Derringer and Suich there are three forms of the DFs according to the response characteristics:
The nominal-the-best: The value of̂is required to achieve a particular target T, when thêequals T, desirability value equals 1; if the departure of̂exceeds a particular range from the target, the desirability value equals 0, and such a situation represents the worst case. The DF of the nominal best can be written as:
where y max and y min represent the upper and lower tolerance limits of̂and s and t represent the indices.
The larger-the-better:
The value of̂is expected to be the larger better. When thêexceeds a particular criteria value which can be viewed as the requirement, the desirability value equals 1; if thêis less than a particular criteria value, which is unacceptable, the desirability equals 0. The DF of the larger-the-better can be written as
The smaller-the-better: The value of̂is expected to be the smaller the better. When thêis less than a particular criteria value the desirability value equals 1; if thêexceed a particular criteria value, the desirability value equals 0. The DF of the smaller-the-better can be written as
where the y max and y min represent the upper and lower tolerance limits of̂and r represent the weight. The s, t and r in eq. (2), eq. (3) and eq. (4) indicate the weight and are defined according to requirement of the user indices. If the corresponding response is expected to be closer to the target, the weight can be set to the larger value; otherwise, the weight can be set to the smaller value.
Selection of optimum parameters using desirability function analysis
For the present work the responses should be maximized and hence the larger-the-better formulae is used to find the individual desirability values and are tabulated in Table 4 and using eq. 3, overall desirability values are calculated and tabulated in the Table 5 . The response table for the mean overall desirability value is shown in Table 6 . With the help of the response graph for mean overall desirability value ( Figure 3 ) the optimum parametric combination was determined. The optimal factor setting becomes C2F3S1 (i.e. welding current = 112 A, gas flow rate = 20 l/min and nozzle to plate distance = 9 mm). 
Results of confirmatory test
A confirmatory test is conducted at optimal parameter combination (C2F3S1) to check the validity of the optimum welding condition. From the results of the confirmatory test (Table 7) , it is found that optimum welding parametric condition produced the maximum UTS, this value shows the validation of the proposed optimization methodology. 
Conclusions
• The best result was obtained in sample no.7 (ultimate tensile strength = 484.9 MPa). The worst result in tensile testing was obtained for the sample no. 9. ultimate tensile strength was 416.5 MPa.
• The current was found to be more significant than gas flow rate and nozzle to plate distance in influencing the strength of the joint.
• Optimization of the process parameters was done using the Taguchi desirability methodology; the optimum parametric combination was determined. The optimal factor setting becomes C2F3S1 (i.e. welding current = 112 A, gas flow rate = 20 l/min and nozzle to plate distance = 9 mm).
